
Have It Your Way
The Five Types of A3 Reports

Key Takeaways

•	 An A3 report is a highly effective communication tool.

•	 There are five types of A3 reports: Knowledge Capture, Problem-Solving, Proposal, 

Documentation Replacement and Status Report, in order from most flexible to most 

standardized in layout, sections and formatting.

•	 The purpose of the A3 determines the type of A3 that you need to write.

 
A3 Reports: What and Why

A3 reports are increasingly mentioned with the lean literature, and we see more and more of them in conference presentations.  The 
first question people usually ask is, “What is an A3?”   An A3 is a communication tool.  It just happens to be an especially effective 
communication tool for supporting the systematic problem-solving and selectively standardized work that we encourage in a lean 
environment.  Over time, A3 reports replace PowerPoint® slides, lengthy text documents and email chains as the primary means for 
communicating knowledge and ideas within a lean organization. 

The A3 refers to the paper size - 11” x 17” in the US and 297mm × 420mm everywhere else.  It turns out that this paper size is 
especially conducive to developing reports that are concise yet rich in content.  The next smaller size - A4 or letter size - is simply 
too small. Any larger paper size is unwieldy.  Any report that is multiple pages or  two pages front-and-back hides some of the 
information all the time.

I can hold an A3 at typical reading distance and see everything on it. If I’m focused in on one section, the rest remains in my 
peripheral vision.  There’s no place for anything to hide.  At the same time, there is ample room for visual models, including 
sketches, photographs, charts and graphs.  In fact, the size almost forces the author to use visual models - because there simply isn’t 
room to put too many things into words. 

The Five Types of A3 Reports 
The original research into Toyota’s processes classified their A3 reports into three types: the problem-solving A3, the proposal A3 
and the status reporting A3.  In my own practice, I have found that there are five different kinds that lean organizations primarily 
use.  I’ve listed them from most free-form to most standardized in format.

The Knowledge Capture A3

The Knowledge Capture A3, sometimes called a Knowledge Brief  or K-Brief is a two page report about some area of knowledge 
that the author wishes to share  You are reading an example of one right now: this is the Knowledge Brief of the Week for 7/30/10.  

Knowledge Briefs require the most flexible format. I have seen excellent examples of Knowledge Briefs written about test procedures, 
market forecasting methods, platform architecture models and many others. To make a good Knowledge Brief, the author needs the 
flexibility to use the space on the page in whatever way will best suit the subject matter.  The organization may want to develop a 
lightweight template for a Knowledge Brief, just to give the author a place to start. The best way to learn how to write a Knowledge 
Brief is to simply make the attempt and get feedback on the draft, then refine it.  It gets easier with experience.

The Problem-Solving A3

The problem-solving A3 is the one most frequently featured in the lean literature. 
It is an A3 report that documents a person’s efforts to solve a specific problem. 
Good problem-solving A3s tell a story about the problem, the analysis and the 
recommendations.  This A3 type explicitly supports rapid learning cycles such as 
LAMDA or PDCA.  It helps to have a template for this type of A3, but as with the 
Knowledge Brief, the author of the report needs the flexibility to add, subtract, 
resize and rearrange sections to meet the needs of the problem at hand.  
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The Proposal A3

Proposal A3s resemble problem-solving A3s in the sense that they tell a story, and many 
proposal A3s began as problem-solving A3s.  But they differ in that the purpose of a 
proposal A3 is to get a specific decision to implement a specific recommendation.  The 
focus shifts from analyzing the problem to executing the solution.  The proposal contains 
information about risks, resources required and an implementation plan.  That leaves less 
room on the A3 for the problem analysis. 

Two Knowledge Briefs or Problem-solving A3s may have little in common except the 
paper size.  Proposal A3s follow a more standard format, because this format helps 
educate the decision-makers about what to expect to see, which helps them evaluate the proposals more effectively. They get used 
to seeing the same information in the same place.  But Proposal A3s still retain some flexibility to rearrange things a little to make 
the best use of the space.   Some groups develop proposal A3 templates for specific purposes: feature requests, engineering change 
requests, capital budget requests, even product program proposals have all been converted to the A3 format in lean organizations.

The Documentation Replacement A3

The Documentation Replacement A3 is what you get when you replace a standard 
report with an A3.  The purpose of the Documentation Replacement A3 is to 
communicate precisely what the readers of the report need to know, with nothing 
extra.  Like the Knowledge Capture A3, these reports primarily facilitate knowledge 
transfer, but the knowledge to be transferred is specific:

As with a standard report, the A3 has specific sections that must be completed, and 
little flexibility to rearrange or exclude things. Ideally, the people consuming the 
information are the ones to design the format for the report, along with the report 
writer. These reports are easier for the readers to use across multiple projects if 
everyone uses the same format.  

Examples of documentation replacement A3s include product and technology roadmaps, product portfolios, product program 
charters, technical specifications (usually a series of A3s grouped by topic), market forecasts, business case analysis, team resource 
allocations, validation plans, localization plans, customer visit reports, etc.

The Status Report A3

Unlike the other A3 forms, the Status Report A3 benefits from as much standardization 
as possible.  People reviewing multiple status reports from many different people and/
or teams benefit from having the same information in exactly the same place.  These 
reports are designed to be very quick to update: minimal narrative text and embedded 
objects to link budget spreadsheets or performance charts directly to the status report - 
no retyping.  Like the documentation replacement A3, this one works best if the status 
report consumers co-design the report format with the person doing the reporting.

What Type of A3 Do You Need?
Sometimes, the difference between the different types of A3s seems a little subtle.  Here are some guidelines to help you decide 
which type of A3 report you need to write:

❏❏ Do you want to replace a standard document with an A3?  Then you need to ask yourself what the purpose of 
the document is intended to be.  If the document drives decision-making, then it may be a proposal. If it solves 
a problem, then it may be a problem-solving A3.  If it’s purely informational, then it’s probably a documentation 
replacement A3.

❏❏ Do you want to capture some reusable technical knowledge?  How well do you understand the knowledge that 
you wish to capture?  If you are the expert, and you just want to make it easier to transfer what you know, then 
you need a knowledge capture A3.  If you need to consolidate data across many projects and don’t know what 
your end result will be, then you probably have a problem-solving A3.

❏❏ Do you want to share project information?  Is this project information going to be frequently updated? Will 
many other projects need to share the same kind of information with the same people? Then you might want to 
develop a format for a status report A3.  If it’s one time only, it could be a documentation replacement A3 or 
even a knowledge capture A3.  If the project information will drive a decision, it’s best as a proposal.
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Trade Off Curves 

The RCX uses alkaline batteries that produce less power as they become depleted. Therefore, we hypothesize 

that one significant variable in reliable navigation is battery life. 

The first curve comes from the datasheet for an Energizer AA battery, showing the voltage drop over the life of 

set of batteries in an electronic game. The second shows the predicted drop in motor speed over the life of the 

batteries in a LEGO RCX unit. 

We tested our predictions as follows: 

 Program a robot to navigate forward for 30 seconds under full power on the game table. 

 Repeat until the batteries are dead. 

 Measure the distance the robot travels in each trial. 

By using the same robot and brand of batteries, we will keep weight, motor speed and construction techniques 

constant. 

The ORTOP LEGO Robotics Tournament is a robot design competition for children ages 9 - 14. The 

children have a specific parts list and software that they use to design robots that can fulfill a specified 

set of missions. The robots must navigate across a playing field about the size of a pool table, 

and perform specific missions, such as moving an object from one place to another. The tournament 

officials take many steps to ensure consistency of object placement within the playing field between 

competition rounds. 

The robots use an RCX controller that contains the programming unit and the batteries. The RCX 

has the ability to operate the robot’s motors at a specified power level for specified periods of time. 

Some children use this feature to navigate, telling the robots to move forward for ten seconds, then 

turn for two seconds, then move forward for five seconds, etc. However, this is not a reliable way to 

navigate because the motor’s speed can vary from round to round. 

Root Cause Analysis 

Consisted Object Placement  

      Consistent Playing Field   

 Consistent Starting Point 

       

                 Reliable 

               Navigation 

           Battery Life 

      Robot Movement 

       Consistency 

              

   Speed Consistency 

 Motor Consistency 

Battery Performance for Timed Missions 
Author: Katherine Radeka 

Contact Information: 206.274.6179      katherine@whittierconsulting.com 

Theme: How does battery life affect robot performance for timed missions? 

Countermeasures 
Here are some strategies for adapting to the change in power over the life of the batteries: 

  Begin each competition round with a fresh set of batteries (one can use rechargeable batteries to minimize 

  the environmental impact of this choice). 

  Use a rotation sensor to count wheel rotations to measure distance. 

  Use a light sensor to detect marks on the playing field to assist with navigation. 

References 
Star Batteries FAQ: http://www.starbatteries.com/batteryfaqs.html 

Energizer AA Battery Technical Datasheet: http://data.energizer.com/PDFs/e91.pdf 
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Feature Milestone Date Integration 

Milestone 

1st Proto Options Complete SS1 

User Field Tests – Round 1 SS2 

User Field Tests – Round 2 SS3 

Feature Complete Sys1 

Tooling and Process Complete Sys2 

All Tests Passed PP 

Approver Signature 

Attachments Manager 

Program Manager 

Product Marketing Manager 

Manufacturing Eng Manager 

Lab Manager  

Criteria Video 

Capture 

Only 

Video 

Capture 
and Feed 

Remote 

Control 

Video 

Do 

Nothing 

Capture biological 

survey data 

+ + ++ 0 

Enable species 

identification 

+ + ++ 0 

Improve accuracy -- -- + 0 

Improve safety + + ++ 0 

Area Impact Level Impact 

Safety Improve Reduces need for dives 

Performance Improve Provides permanent record 

Compatibility None 

Manufacturability Degrade Adds complexity 

Set-up Needs None 

Reliability Degrade Adds complexity 

Serviceability Degrade Adds complexity 

Feature Value Proposition 

Capture video to support biological life surveys on the ocean floor. 

Current State  

None of our existing products have video capture functionality. 

Implementation Alternatives Considered: 

Recommendation: 

We recommend implementing full remote control video. 

Major Impacts:  How will the feature impact key dimensions of quality? 
Major Milestones: 

Digital Video Capture 
Klicktat - 07/2009 

Katherine Radeka (katherine@whittierconsulting.com / 503-701-3945) 

Approvals: 

Future State 

The robot will collect video from the ocean floor and rely a feed to

 the crew on the surface.  The biologists will use the remote control

 to zoom in on specimens that cannot be sufficiently identified.  The

 biologists will then analyze the videotape to complete the biological

 survey. 

Risk Owner Status Mitigation Plan 

Video resolution 

insufficient 

Jim Watch User field tests with protos 

as early as possible 

Water tight seals Karen Watch Tank testing under pressure 

UI Complexity Steve Watch User field tests w/protos 

Risks:  What risks will you activelly monitor and mitigate? 

Customer Need 

The overall objective for the Klickitat robot is to increase the safety,

 accuracy and efficiency of ocean floor biological surveys by

 performing remote controlled transect mapping of ocean floor

 habitats. For the robot to do that successfully, it needs the ability to

 document the plants and animals that it finds within the area that it

 is mapping.  

In manual transect mapping, divers count the species found in a

 given area.   While we don’t expect the robot to be able to identify

 the species that it finds, the robot needs to provide a visual feed of

 information that it can rely to biologists on the surface that is clear

 enough and detailed enough to enable species identification. 

Product Architecture Impact 

Major Task Est. Effort 

(hours) 

Owner 

Identify video components suppliers 40 Jim 

Develop 1st prototype set 240 Jim 

Conduct 1st round of field tests 80 Steve 

Incorporate feedback 180 Jim 

Complete 2nd round of field tests 80 Steve 

Detailed Component Design 360 Jim 

Tooling and Process Design 180 Bob 

Unit Testing 110 Chris 

 Integration Testing 250 Chris 

Total Resources Required: 1340 

Resources Required: 

RCX Unit 

Locomotion 

System 

Sensors 
Functional 

Attachments 

Robot 

Skeleton 

Wires 

Lego™ 

Bricks 

Firmware 

Unmodified Platform 

Components 

Action Owner Due Date 

Call Peter at Offshore Environmental 
Associates for help with new 
oceanographer for reviews 

Katherine 10/15 

Schedule design review of  locomotion 
system with management team 

Katherine 10/18 

Schedule field testing time for SS2 
with field test team 

Katherine 10/20 

Milestone Est. Date Actual Date 

Subsyst A 8/31/06 8/31/06 

Subsyst B 10/31/06 

Subsyst C 1/15/06 

System A 3/31/07 

System B 6/30/07 

Prod Proto 8/31/07 

Start of Production 10/31/07 

Metric Target Actual 

Path Accuracy ( 1 m ) < 3 mm 

Direct Material costs < $815,000 

Unit sales, year 1 > 150 

Risk Owner Status Resolution 

Precision motion control in 
wave conditions 

SW Mitigate Extend wave 
testing 

Waterproof housing to 
accommodate new 
attachments 

JS Monitor 

Early field testing results KR Mitigate Schedule first field 
test at SS2 

Issue Owner Status Resolution 

Need replacement 
oceanographer for 
feedback on video and 
locomotion system 

KR Started 

Need one more sensor 
port on RCS brick 

KR Esc to RCX 
Team 

Current tank 
inadequate to test 
precision motion in 
wave conditions 

KR Resolved Revised budget to 
fund new tank from 
field test budget  

Delivered 
Product 

Project Goal:   The “ Klickitat” Ocean Floor Biological Survey robot

 will increase the safety, accuracy and efficiency of ocean floor

 biological surveys by performing remote controlled transect

 mapping of ocean floor habitats. 
Project Summary:   
Government agencies and energy companies have recently

 increased their oceanographic activities.  The search for new oil

 fields and increasing activities in current off-shore fields,
 combined with heightened concerns about environmental
 impacts has led to a greater need to efficiently gather data
 needed for drilling feasibility and  environmental impact studies. 

Our current offering, the OFCD robot is already being used to
 reduce the amount of time marine biologists have to spend
 underwater by automating ocean floor sample collection. 
 However, the OFCD robot cannot be controlled precisely
 enough for transect mapping studies, which count the number

 of species present in a defined cross-section of the habitat and
 map ocean floor terrain.  Currently, divers have to conduct those
 surveys. 

The OFBS Robot is an adaptation of our OFCD robot which can

 currently collect ocean floor soil and biological samples.  To
 adapt the robot for transect mapping, we need to add additional
 sensor and touch navigation capabilities, and improve the
 precision of our motion control. 

Integration Events: 

Financial Summary: 

Major Risks: 

Current Issues: 

Next Actions: 

Klickitat Project Status Report 
Last Update:  10/9/06 

Project Leader:  Katherine Radeka 503-701-3945 

Project Metrics 

Target Actual to date 

R & D Expense $5,200,000 $481,000 

Tooling $12,600,00 

Direct Material $815,000 

Support Cost/Unit $120,000 

Sales Price $2,400,000 

Breakeven 4/15/08 

5 year ROI 32% 

9/1/2006 10/1/2007 9/1/2007 8/1/2007 7/1/2007 6/1/2007 5/1/2007 4/1/2007 3/1/2007 2/1/2007 1/1/2007 12/1/2006 11/1/2006 10/1/2006 
Today 

SubsystB SubsystC SystA SystB PP SOP SubsystA 

Klickitat Target (K$) Actual (K$) 

Injection Molds 

Assembly Fixtures 

Stamping Dies 

Supplier Capital Investments 

1,200 

    34 

  500 

5,000 

1,324 

   27 

3,420 

 Project Goal:   The “ Klickitat” Ocean Floor Biological Survey robot 

will increase the safety, accuracy and efficiency of ocean floor 

biological surveys by performing remote controlled transect 

mapping of ocean floor habitats. 

Product Cost by Subsystem: 

Capital Budget: 

Klickitat Financial Dashboard 
Updated 9/19/2007 

Katherine Radeka ph: 503-701-3945 email: katherine@whittierconsulting.com 

Development Budget: 

(Target vs. Actual for this Development Month) 

Target Current Estimate 

Locomotion 452 568 

Video Attachment 157 None yet 

Collection Attachment 124 156 

Light Sensor 89 46 

Video Sensor 278 None yet 

Touch Sensor 37 36 

Control Firmware 12 9 

Attachment Firmware 8 5 

Fasteners 20 None yet 

Assembly Labor 150 None yet 

Post-sales Support 12 45 

Total 1550 None yet 

Budget Line Item Target (K$) Actual (K$) 

Engineering Labor 4500 3800 

Testing Hours 500 100 

Model Shop 40 10 

Rapid Prototyping 60 0 

Test Engineering Labor 5 5 

Outsourced Testing 0 0 

Total Budget: 5105 3915 

Headcount by Month: 

Headcount by Development Month
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Revenues $120,000 

Direct Expenses: 

Direct Labor 

Direct Materials 

Service & Support 

Indirect Expenses: 

Development Expense 

Overhead 

Total Expenses: 

Total Profit: 

$24,000 
$32,000 
$12,000 

$2,000 
$17.500 

$75,000 

$22,500 

Product P & L: 

You can find these A3s at the Lean 
Product Development Resource Center.
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Did you like this Knowledge Brief?  Find more like it at the Lean Development Resource Center:

leantechnologydevelopment.com

A3s from the Resource Center used in this report:

•	 Battery Life (problem-solving A3)

•	 Digital Video Capture (proposal A3)

•	 Klickitat Financial Dashboard (documentation replacement A3)

•	 Klickitat Project Status Report (status report A3) 

Templates available at the Resource Center:

•	 Basic Report (Essentials Only)  	    	    		   

•	 Experimental Results Report 	   	   	  

•	 Problem Solving Report 	   	   		   

•	 Project Status Report 	   	   	  

•	 Proposed New Feature

Discussion Questions

•	 What types of A3s do you already have in your organization?

•	 What templates are available to people to support them in writing A3s?

•	 How comfortable is your organization with templates that can be adapted vs. used only in a standardized way?

•	 What opportunities do you have to replace documentation with A3s?

Next Actions

•	 Develop basic templates for a Knowledge Brief, problem-solving A3 and proposal A3 - the Lean Product Development 
Resource Center has some examples you can leverage.

•	 Use one to write an A3 this week.

 

Have It Your Way: 
The Five Types of A3 Reports

By Katherine Radeka

Trade Off Curves 

The RCX uses alkaline batteries that produce less power as they become depleted. Therefore, we hypothesize 

that one significant variable in reliable navigation is battery life. 

The first curve comes from the datasheet for an Energizer AA battery, showing the voltage drop over the life of 

set of batteries in an electronic game. The second shows the predicted drop in motor speed over the life of the 

batteries in a LEGO RCX unit. 

We tested our predictions as follows: 

 Program a robot to navigate forward for 30 seconds under full power on the game table. 

 Repeat until the batteries are dead. 

 Measure the distance the robot travels in each trial. 

By using the same robot and brand of batteries, we will keep weight, motor speed and construction techniques 

constant. 

The ORTOP LEGO Robotics Tournament is a robot design competition for children ages 9 - 14. The 

children have a specific parts list and software that they use to design robots that can fulfill a specified 

set of missions. The robots must navigate across a playing field about the size of a pool table, 

and perform specific missions, such as moving an object from one place to another. The tournament 

officials take many steps to ensure consistency of object placement within the playing field between 

competition rounds. 

The robots use an RCX controller that contains the programming unit and the batteries. The RCX 

has the ability to operate the robot’s motors at a specified power level for specified periods of time. 

Some children use this feature to navigate, telling the robots to move forward for ten seconds, then 

turn for two seconds, then move forward for five seconds, etc. However, this is not a reliable way to 

navigate because the motor’s speed can vary from round to round. 

Root Cause Analysis 

Consisted Object Placement  

      Consistent Playing Field   

 Consistent Starting Point 

       

                 Reliable 

               Navigation 

           Battery Life 

      Robot Movement 

       Consistency 

              

   Speed Consistency 

 Motor Consistency 

Battery Performance for Timed Missions 
Author: Katherine Radeka 

Contact Information: 206.274.6179      katherine@whittierconsulting.com 

Theme: How does battery life affect robot performance for timed missions? 

Countermeasures 
Here are some strategies for adapting to the change in power over the life of the batteries: 

  Begin each competition round with a fresh set of batteries (one can use rechargeable batteries to minimize 

  the environmental impact of this choice). 

  Use a rotation sensor to count wheel rotations to measure distance. 

  Use a light sensor to detect marks on the playing field to assist with navigation. 

References 
Star Batteries FAQ: http://www.starbatteries.com/batteryfaqs.html 

Energizer AA Battery Technical Datasheet: http://data.energizer.com/PDFs/e91.pdf 
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Feature Milestone Date Integration 

Milestone 

1st Proto Options Complete SS1 

User Field Tests – Round 1 SS2 

User Field Tests – Round 2 SS3 

Feature Complete Sys1 

Tooling and Process Complete Sys2 

All Tests Passed PP 

Approver Signature 

Attachments Manager 

Program Manager 

Product Marketing Manager 

Manufacturing Eng Manager 

Lab Manager  

Criteria Video 

Capture 

Only 

Video 

Capture 
and Feed 

Remote 

Control 

Video 

Do 

Nothing 

Capture biological 

survey data 

+ + ++ 0 

Enable species 

identification 

+ + ++ 0 

Improve accuracy -- -- + 0 

Improve safety + + ++ 0 

Area Impact Level Impact 

Safety Improve Reduces need for dives 

Performance Improve Provides permanent record 

Compatibility None 

Manufacturability Degrade Adds complexity 

Set-up Needs None 

Reliability Degrade Adds complexity 

Serviceability Degrade Adds complexity 

Feature Value Proposition 

Capture video to support biological life surveys on the ocean floor. 

Current State  

None of our existing products have video capture functionality. 

Implementation Alternatives Considered: 

Recommendation: 

We recommend implementing full remote control video. 

Major Impacts:  How will the feature impact key dimensions of quality? 
Major Milestones: 

Digital Video Capture 
Klicktat - 07/2009 

Katherine Radeka (katherine@whittierconsulting.com / 503-701-3945) 

Approvals: 

Future State 

The robot will collect video from the ocean floor and rely a feed to

 the crew on the surface.  The biologists will use the remote control

 to zoom in on specimens that cannot be sufficiently identified.  The

 biologists will then analyze the videotape to complete the biological

 survey. 

Risk Owner Status Mitigation Plan 

Video resolution 

insufficient 

Jim Watch User field tests with protos 

as early as possible 

Water tight seals Karen Watch Tank testing under pressure 

UI Complexity Steve Watch User field tests w/protos 

Risks:  What risks will you activelly monitor and mitigate? 

Customer Need 

The overall objective for the Klickitat robot is to increase the safety,

 accuracy and efficiency of ocean floor biological surveys by

 performing remote controlled transect mapping of ocean floor

 habitats. For the robot to do that successfully, it needs the ability to

 document the plants and animals that it finds within the area that it

 is mapping.  

In manual transect mapping, divers count the species found in a

 given area.   While we don’t expect the robot to be able to identify

 the species that it finds, the robot needs to provide a visual feed of

 information that it can rely to biologists on the surface that is clear

 enough and detailed enough to enable species identification. 

Product Architecture Impact 

Major Task Est. Effort 

(hours) 

Owner 

Identify video components suppliers 40 Jim 

Develop 1st prototype set 240 Jim 

Conduct 1st round of field tests 80 Steve 

Incorporate feedback 180 Jim 

Complete 2nd round of field tests 80 Steve 

Detailed Component Design 360 Jim 

Tooling and Process Design 180 Bob 

Unit Testing 110 Chris 

 Integration Testing 250 Chris 

Total Resources Required: 1340 

Resources Required: 

RCX Unit 

Locomotion 

System 

Sensors 
Functional 

Attachments 

Robot 

Skeleton 

Wires 

Lego™ 

Bricks 

Firmware 

Unmodified Platform 

Components 

Action Owner Due Date 

Call Peter at Offshore Environmental 
Associates for help with new 
oceanographer for reviews 

Katherine 10/15 

Schedule design review of  locomotion 
system with management team 

Katherine 10/18 

Schedule field testing time for SS2 
with field test team 

Katherine 10/20 

Milestone Est. Date Actual Date 

Subsyst A 8/31/06 8/31/06 

Subsyst B 10/31/06 

Subsyst C 1/15/06 

System A 3/31/07 

System B 6/30/07 

Prod Proto 8/31/07 

Start of Production 10/31/07 

Metric Target Actual 

Path Accuracy ( 1 m ) < 3 mm 

Direct Material costs < $815,000 

Unit sales, year 1 > 150 

Risk Owner Status Resolution 

Precision motion control in 
wave conditions 

SW Mitigate Extend wave 
testing 

Waterproof housing to 
accommodate new 
attachments 

JS Monitor 

Early field testing results KR Mitigate Schedule first field 
test at SS2 

Issue Owner Status Resolution 

Need replacement 
oceanographer for 
feedback on video and 
locomotion system 

KR Started 

Need one more sensor 
port on RCS brick 

KR Esc to RCX 
Team 

Current tank 
inadequate to test 
precision motion in 
wave conditions 

KR Resolved Revised budget to 
fund new tank from 
field test budget  

Delivered 
Product 

Project Goal:   The “ Klickitat” Ocean Floor Biological Survey robot

 will increase the safety, accuracy and efficiency of ocean floor

 biological surveys by performing remote controlled transect

 mapping of ocean floor habitats. 
Project Summary:   
Government agencies and energy companies have recently

 increased their oceanographic activities.  The search for new oil

 fields and increasing activities in current off-shore fields,
 combined with heightened concerns about environmental
 impacts has led to a greater need to efficiently gather data
 needed for drilling feasibility and  environmental impact studies. 

Our current offering, the OFCD robot is already being used to
 reduce the amount of time marine biologists have to spend
 underwater by automating ocean floor sample collection. 
 However, the OFCD robot cannot be controlled precisely
 enough for transect mapping studies, which count the number

 of species present in a defined cross-section of the habitat and
 map ocean floor terrain.  Currently, divers have to conduct those
 surveys. 

The OFBS Robot is an adaptation of our OFCD robot which can

 currently collect ocean floor soil and biological samples.  To
 adapt the robot for transect mapping, we need to add additional
 sensor and touch navigation capabilities, and improve the
 precision of our motion control. 

Integration Events: 

Financial Summary: 

Major Risks: 

Current Issues: 

Next Actions: 

Klickitat Project Status Report 
Last Update:  10/9/06 

Project Leader:  Katherine Radeka 503-701-3945 

Project Metrics 

Target Actual to date 

R & D Expense $5,200,000 $481,000 

Tooling $12,600,00 

Direct Material $815,000 

Support Cost/Unit $120,000 

Sales Price $2,400,000 

Breakeven 4/15/08 

5 year ROI 32% 

9/1/2006 10/1/2007 9/1/2007 8/1/2007 7/1/2007 6/1/2007 5/1/2007 4/1/2007 3/1/2007 2/1/2007 1/1/2007 12/1/2006 11/1/2006 10/1/2006 
Today 

SubsystB SubsystC SystA SystB PP SOP SubsystA 

Klickitat Target (K$) Actual (K$) 

Injection Molds 

Assembly Fixtures 

Stamping Dies 

Supplier Capital Investments 

1,200 

    34 

  500 

5,000 

1,324 

   27 

3,420 

 Project Goal:   The “ Klickitat” Ocean Floor Biological Survey robot 

will increase the safety, accuracy and efficiency of ocean floor 

biological surveys by performing remote controlled transect 

mapping of ocean floor habitats. 

Product Cost by Subsystem: 

Capital Budget: 

Klickitat Financial Dashboard 
Updated 9/19/2007 

Katherine Radeka ph: 503-701-3945 email: katherine@whittierconsulting.com 

Development Budget: 

(Target vs. Actual for this Development Month) 

Target Current Estimate 

Locomotion 452 568 

Video Attachment 157 None yet 

Collection Attachment 124 156 

Light Sensor 89 46 

Video Sensor 278 None yet 

Touch Sensor 37 36 

Control Firmware 12 9 

Attachment Firmware 8 5 

Fasteners 20 None yet 

Assembly Labor 150 None yet 

Post-sales Support 12 45 

Total 1550 None yet 

Budget Line Item Target (K$) Actual (K$) 

Engineering Labor 4500 3800 

Testing Hours 500 100 

Model Shop 40 10 

Rapid Prototyping 60 0 

Test Engineering Labor 5 5 

Outsourced Testing 0 0 

Total Budget: 5105 3915 

Headcount by Month: 

Headcount by Development Month
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Product Cost by Month: 

(Targets substituted where team has no current estimate) 

Estimated Product Cost
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Revenues $120,000 

Direct Expenses: 

Direct Labor 

Direct Materials 

Service & Support 

Indirect Expenses: 

Development Expense 

Overhead 

Total Expenses: 

Total Profit: 

$24,000 
$32,000 
$12,000 

$2,000 
$17.500 

$75,000 

$22,500 

Product P & L: 

 
How to Build a Trade-Off Curve
Key Takeaways

•	 Trade-off	curves	organize	product	design	data	into	reusable	knowledge.

•	 Data	for	trade-off	curves	can	come	from	mathematical	analysis,	product	design	data,	

simulations	and	physical	experiments.

•	 Trade-off	curves	must	be	understandable,	believable	and	actionable	to	be	reused.

 
Why Trade-Off Curves Speed Up Lean Product Development

A trade-off curve is simply an X-Y chart that serves as a visual model for the relationship between two combinations of variables that 
predict the performance of a system.  Trade-off curves document the organization’s current understanding about design decisions 
that are likely to work - and the ones known to fail.   They map out safe regions where designs have worked in the past, and the 
unsafe - or unknown - regions where the technical risk may reach unacceptable levels.  In this way, they organize design data into 
knowledge that can be reused across products.

We use these trade-off curves during development to ensure that our design decisions take advantage of the best available 
knowledge that we have.  If our design falls into the “unsafe” region of a curve, that red flag helps us to understand the risk involved.  
Most of the time, we will want to keep our designs well within the safe regions of the curve.  Sometimes, the risk is worth it, and 
then we know that we need to learn how to transcend the limits of the system as we now understand it.  Either way, active use of 
these curves helps eliminate the major root cause of late design loopbacks: unanticipated problems in development that could have 
been avoided if the developer had access to the organization’s knowledge.

How to Build a Trade-Off Curve
We can build a simple trade-off curve simply by plotting two variables against each other.  But a good trade-off curve - one that has 
maximum value for guiding design decisions - takes a little more work.  The extra steps ensure that the trade-off curve is more likely 
to be understood, believed and actionable - turning information into reusable knowledge.

1.  Develop a good problem statement.

The problem statement for a trade-off curve should capture the conflicts inherent in the desired state without presupposing a 
solution, and it’s often in the form of a question:  “Which steel pipes will give the crane boom adequate strength to resist bending 
under load?”  The problem statement helps the reader understand when the trade-off curve applies and when it does not.

2.  Develop a visual model of the area of interest.

A simple sketch of the system that the trade-off curve will model helps the 
reader understand how the trade-off curve applies.  A free body diagram is 
better than a photograph because you can help the reader zero in on the 
part of the system that the trade-off impacts and remove the other details 
that would just distract from the message.  The visual model helps the reader 
understand the rest of the analysis on the page.

In this example, the author emphasizes the stresses that would cause the crane 
boom to bend, and the major force acting on it.  More detail would only 
clutter up the diagram. 

 3.  Identify the causal factors for your desired state.

For trade-off curve analysis, we ask Why? a little differently than we do for most problems.  Rather than focus on why we have  a 
problem, we ask, “What are the root causes of the desired performance that we seek?”  This analysis identifies the most important 
variables - the ones where we have the most control and the most leverage.  

 	©	2010	Whittier	Consulting	Group,	Inc.		All	Rights	Reserved.

That makes the trade-off curves more powerful and more reusable.  Allen Ward 
developed the Causal Analysis Diagram to visually model the answers to this question. 
On this diagram, the plus symbol (+) represents a direct mathematical relationship 
and the minus symbol (-) is an indirect relationship. 

The sample causal diagram on the left shows the causal factors in play to produce a 
crane boom that won’t bend under stress.  The major factors under our control are 
the wall thickness and the pipe diameter.  The limits on the system are the maximum 
load and length of boom and the force at the support.  The force at the support needs 
to balance the downward force at maximum load.  When we have found the right 
combination of wall thickness and pipe diameter that can handle these stresses, we 
have found a safe solution.

4.  Analyze the causes for combinations of variables that lead to trade-offs.

Once we have identified the factors that lead to our desired result, we can begin to analyze the relationships between them.  Our 
understanding of the underlying physics, chemistry or economics may help us develop equations that model the product design that 
we desire.  For our example, the causal analysis shows that the pipe diameter emerges as an interesting variable: as diameter increases, 
resistance to bending stress increases but resistance to compressive stress decreases. We’ll build two trade-off curves to model this 
relationship - one for the resistance to bending stress and one for resistance to compressive stress.  By using the two together, we will 
be able to determine which pipe sizes will work.  The two curves are on the cover of this report.

5. Gather and chart the data for these variables.

We can construct useful trade-off curves from these sources, listed from least 
costly to most costly:

• Analyzing the mathematical relationships to find limits.
• Consolidating data from previous designs.
• Simulating a range of designs with modeling tools
• Conducting physical experiments.

For the example, we used mathematical analysis using data for four series of 
standard pipes to develop these trade-off curves.  To make these curves truly 
reusable, we would have to include the details of the analysis in our report.

6.  Label the safe and unsafe regions of the curve.

A trade-off curve has much more value if we identify the areas of the curve where we have successful solutions vs. the areas that are 
likely to fail.  This makes the trade-off curve actionable.  The reader knows that by choosing a design that fits into the safe regions of 
the curve, the design is probably going to deliver the desired result.  

In order to state this with confidence, we have to have analyzed the regions of the curve where we have failures as well as the places 
where we have success. We may need to conduct specific tests that go all the way to failure in order to understand the limits of the 
system well enough to identify these safe and unsafe regions.  We may have to dig out old designs that were abandoned because they 
did not work.  

In the example trade-off curve, the safe region is determined by the Maximum Bending Moment, the product of the downward force 
exerted by the load and the length of the crane boom.  Once the designer knows those two facts, he or she can use this curve to 
identify the pipes that will be strong enough to function as the core of the crane boom.

How to Move a Trade-Off Curve from Information to Knowledge
We ensure that our trade-off curves communicate knowledge by making them understandable, believable and actionable.  First, we 
report as much information as we can about the source of the underlying data and data collection conditions.  If we used analysis, we 
show the math. If we used experiments, we include our experimental conditions.  If we gathered information from product designs, 
we note the source for each data point.    Then we provide our own analysis and recommendations.  We label the safe and unsafe 
regions of the curve, after defining “safe” and “unsafe” for the reader.   We identify countermeasures and suggest how to evaluate the 
available alternatives.  The analysis makes the trade-off curve actionable: I know what to do with it when I see it.

Finally, we put our names on it and we make it easy for people to find us if they have questions.  People are more likely to trust 
the reusable knowledge from a credible source.  The A3 template for an Experimental Results Report contains all of the necessary 
elements that will turn a trade-off curve from information into knowledge.
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